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©  Preparation  of  formic  acid  by  hydrolysis  of  methyl  formate. 

The  invention  provides  a  process  for  the  preparation  of 
formic  acid  by  hydrolyzing  methyl formate  with  water  at  high 
temperature  and  pressure  in  the  presence  of  a  formic  acid 
catalyst.  Methanol  is  also  formed.  The  reesterification  of  the 
reaction  products  to  methyl  formate  (a  reaction  favored  by 
high  temperatures)  is  minimized  by  flashing  the  reaction 
product  at  relatively  low  pressure  and  temperature  and 
thereafter  distilling  the  residual  liquid.  Thus  procedure 
separates  the  methyl  alcohol  from  the  formic  acid  with  a 
minimum  contact  time  and  at  a  low temperature  which  does 
not favor the  reesterification  reaction.  High  purity  formic  acid 
may  be  obtained  by  subjecting  the  bottom  from  the  vacuum 
distillation  of  further  distillation. 

In  a  preferred  embodiment  of  the  invention,  prior  to  the 
main  hydrolysis,  the  methyl  formate  is  partially  hydrolyzed 
to  form  the  small  amount  of formic  acid  needed  to  accelerate 
the  main  hydrolysis  step.  Accordingly,  the  necessary  formic 
acid  catalyst  is  formed  in  situ,  thus  eliminating  the  need  to 
add  formic  acid  or  to  recycle  product'formic  acid. 



The  f o r m a t i o n   of  f o r m i c   a c i d   by  t h e   h y d r o l y s i s  

of  a l k y l   f o r m a t e s   i s   w e l l - k n o w n   in  t he   a r t .   The  m a j o r  

d r a w b a c k   of  s u c h   p r o c e s s e s   f rom  the   c o m m e r c i a l   s t a n d -  

p o i n t   i s   t h a t   t h e   c h e m i c a l   e q u i l i b r i u m   of  t h e   h y d r o l y s i s  

r e a c t i o n   d o e s   n o t   f a v o r   t h e   r a p i d   f o r m a t i o n   o f  

s u b s t a n t i a l   a m o u n t s   of  f o r m i c   a c i d .   E v e n  w i t h  

m i n e r a l   a c i d   c a t a l y s t   and  h i g h   t e m p e r a t u r e s ,   t h e  

e x t e n d e d   r e s i d e n c e   t i m e   n e c e s s a r y   to  r e a c h   e q u i l i b r i u m  

makes   t h e   p r o c e s s   v e r y   c o m p l i c a t e d   and  e x p e n s i v e . .  

E x a m p l e s   of  s u c h   p r o c e s s e s   a r e   shown  in   U.S .   P a t e n t  

2 , 1 6 0 , 0 6 4   and  B r i t i s h   P a t e n t   6 2 8 , 6 5 6 .   T h o u g h  t h e  

u s e   of  t h e   m i n e r a l   a c i d   c a t a l y s t   d i d   r e d u c e   r e a c t i o n  

t i m e ,   i t   c r e a t e d   p r o b l e m s   b e c a u s e   of  i t s   t e n d e n c y  

to  p r o m o t e   t h e   d e c o m p o s i t i o n   of  t h e   f o r m i c   a c i d   t o  

c a r b o n   m o n o x i d e   and  w a t e r .  

In  r e c e n t   y e a r s ,   t h e   t r e n d   has   b e e n   to  p e r f o r m  

t h e   h y d r o l y s i s   by  u s i n g   f o r m i c   a c i d   i t s e l f   as  t h e  

c a t a l y s t .   W h i l e   t h i s   o v e r c a m e   c e r t a i n   of  t h e   d e c o m p o s e  

i t i o n   p r o b l e m s   c a u s e d   by  t he   u s e   of  a  s t r o n g   m i n e r a l  

a c i d ,   t h e   f o r m i c   a c i d   is   l e s s   e f f e c t i v e   in   a c c e l e r a t i n g  

t h e   r e a c t i o n .  

To  o v e r c o m e   t h i s   p r o b l e m ,   U .S .   P a t e n t   3 , 9 0 7 , 8 8 4  

p r o p o s e d   t h e   u s e   of  a  s o l v e n t   s y s t e m   to  r e d u c e   t h e  

r e a c t i o n   e q u i l i b r i u m   t i m e   a t   t e m p e r a t u r e s   f rom  25  t o  

150°C.   T h i s   p r o c e s s ,   h o w e v e r ,   w h i l e   i t   s e r v e s   t o  

i n c r e a s e   t h e   r e a c t i o n  r a t e ,   i s   n o t   f u l l y   e f f e c t i v e  

b e c a u s e   t h e   r e a c t a n t s   d u r i n g   p u r i f i c a t i o n   t e n d   t o  

u n d e r g o   a  r e v e r s e   r e a c t i o n ,   t h a t   i s ,   t he   f o r m i c   a c i d  

and  t he   m e t h y l   a l c o h o l   p r e s e n t   in  h i g h   c o n c e n t r a t i o n s  



t h o u g h   no  f o r m i c   a c i d   i s   a d d e d ,   t h e z m e t h y l   f o r m a t e  

i s   p a r t i a l l y   h y d r o l y z e d   to  f o r m   s u f f i c i e n t   f o r m i c  

a c i d   to  c a t a l y z e   t h e   m a i n   h y d r o l y s i s   s t e p .   T h e  

p a r t i a l l y   h y d r o l y z e d   p r o d u c t   f rom  t h i s   p r e l i m i n a r y  

s t e p  i s   c o m b i n e d   w i t h   t h e   r e c y c l e d   m e t h y l   f o r m a t e  

and  w a t e r   so  t h a t   t h e   t o t a l   f e e d   to  t h e   m a i n   h y d r o l y s i s  

c o n t a i n s   a  m o l a r   e x c e s s   of  t h e   m e t h y l   f o r m a t e .  

As  a l r e a d y   i n d i c a t e d ,   t h e   p r e s e n t  i n v e n t i o n  

r e l a t e s   to  t h e   p r e p a r a t i o n   o f  f o r m i c   a c i d   by  t h e  

h y d r o l y s i s   of  t he   m e t h y l   f o r m a t e   in   t h e   p r e s e n c e   o f  

a  f o r m i c   a c i d   c a t a l y s t .   More  s p e c i f i c a l l y ,   t he   i n v e n t -  

i on   r e l a t e s   to  a  h i g h   p r e s s u r e - h i g h   t e m p e r a t u r e  

c o n t i n u o u s   r e a c t i o n   a u t o c a t a l y z e d   by  f o r m i c   a c i d ,   w h e r e -  

by  t h e   r e a c t i o n   p r o d u c t   i s   p r o c e s s e d   so  as  t o  

s u b s t a n t i a l l y   e l i m i n a t e   t h e   r e e s t e r i f i c a t i o n   of  t h e  

r e a c t i o n   p r o d u c t s   d u r i n g   p u r i f i c a t i o n .   R e e s t e r i f i c a t i o n  

i s   f u r t h e r   s u p p r e s s e d   by  u s i n g   a  m o l a r   e x c e s s  o f  

m e t h y l   f o r m a t e   in   t h e   h y d r o l y s i s .  

The  f o r m i c   a c i d   c a t a l y s t   r e q u i r e d   f o r   t h e  

m a i n   h y d r o l y s i s   can   be  a d d e d   to  t h e   r e a c t i o n   z o n e ,   a s  

by  r e c y c l i n g   p r o d u c t   f o r m i c   a c i d   in   a  c o n t i n u o u s  

p r o c e s s ,   b u t   p r e f e r a b l y   i s   f o r m e d   in  a  p r e l i m i n a r y  

h y d r o l y s i s   zone   w h e r e i n   m e t h y l   f o r m a t e   and  a  

m i x t u r e   of  s t e a m   and  w a t e r   a r e   i n t r o d u c e d   i n t o   a  

h i g h   t e m p e r a t u r e - h i g h   p r e s s u r e   z o n e .   The  m a i n  

h y d r o l y s i s   s t e p   of  t h e   i n s t a n t   i n v e n t i o n   i s   p e r f o r m e d  

a t   a  t e m p e r a t u r e   90  to  1 4 0  C .   a t   p r e s s u r e s   f rom  5 

to  18  a t m o s p h e r e s ,   in   t h e   l i q u i d   p h a s e   a t   a  m e t h y l  

f o r m a t e - w a t e r   m o l a r   r a t i o   of  f rom  1 . 5 : 1   to  1 0 : 1 ,  

p r e f e r a b l y   f rom  2 :1   to  4 : 1 .   U n d e r   t h e s e   c o n d i t i o n s  

the   r e a c t a n t s   a r e   in   a  s i n g l e   p h a s e .   T h i s   e l i m i n a t e s  

t he   n e c e s s i t y   of  e m p l o y i n g   a  s o l v e n t   s y s t e m   a s  



t h e   s y s t e m .   In   t h e   f l a s h i n g   s t e p   a  s u b s t a n t i a l  

a m o u n t  o f   t h e   u n r e a c t e d   m e t h y l   f o r m a t e   i s   v a p o r i z e d  

and   s e p a r a t e d ,   i . e . ,   a t   l e a s t   25%,  p r e f e r a b l y   a t  

l e a s t   50%  of   t h e   t o t a l   l e a v i n g   t h e   m a i n   h y d r o l y z e r .  

T h e - b o t t o m  f r o m   t h e   d i s t i l l a t i o n   z o n e   i . e .   p r i m a r i l y  

w a t e r   and   f o r m i c   a c i d   may  be  f u r t h e r   d i s t i l l e d  

f o r   t h e   r e m o v a l   of   w a t e r   a n d  t o   o b t a i n   h i g h   p u r i t y ,  

e . g .   85%,  f o r m i c   a c i d .  

In   t h e   e m b o d i m e n t   of   t h e   i n v e n t i o n   w h e r e i n  

t h e   f o r m i c   a c i d   c a t a l y s t   i s   g e n e r a t e d   i n   s i t u ,  

p r i o r   to   t h e   m a i n   h y d r o l y s i s   a  p o r t i o n  o f   t h e   m e t h y l  

f o r m a t e   and   a  s t e a m - w a t e r   m i x t u r e   i s   f e d   to   a  

p r e l i m i n a r y   h y d r o l y s i s   r e a c t o r   m a i n t a i n e d   a t   e l e v a t e d  

t e m p e r a t u r e s   and  p r e s s u r e .   T h i s   r e a c t o r   i s   o p e r a t e d  

a t   s i m i l a r   c o n d i t i o n s   to  t h e   m a i n   h y d r o l y z e r ,   n a m e l y ,  

a t   t e m p e r a t u r e s   of   f rom  90  to  1 4 0 ° C .   and   p r e s s u r e s  

f r o m   5  to  18  a t m o s p h e r e s .   G e n e r a l l y   l o w e r   p r e s s u r e s  

may  be  u s e d   b e c a u s e   of  t h e   l o w e r   v o l a t i l i t y   o f  

t h e   r e a c t a n t s .   The  m e t h y l   f o r m a t e - w a t e r   m o l a r   r a t i o  

i s   f r o m   0 . 5 : 1   to  3 : 1 .   T h o u g h   no  f o r m i c   a c i d   i s  

a d d e d   to  t h e   p r e l i m i n a r y   h y d r o l y z e r ,   s u f f i c i e n t  

h y d r o l y s i s   t a k e s   p l a c e   to  f o r m   s u f f i c i e n t   f o r m i c  

a c i d   to  c a t a l y s e   t h e   m a i n   h y d r o l y s i s   r e a c t i o n .   I n  

t h i s   l a t t e r   r e a c t i o n   z o n e ,   t h e   c o n t e n t s   f r o m   t h e  

p r e l i m i n a r y   r e a c t o r   a r e   c o m b i n e d   w i t h   t h e  m e t h y l  

f o r m a t e   and  w a t e r   r e c y c l e d   f r o m   t h e   d i s t i l l a t i o n  

z o n e .   T h i s   e m b o d i m e n t   i s   of  s i g n i f i c a n t   e c o n o m i c  

a d v a n t a g e   b e c a u s e   i t   e l i m i n a t e s   t h e   n e e d   f o r  

r e c y c l i n g   p u r i f i e d   f o r m i c   a c i d   or   t h e   a d d i t i o n   o f  

e x t r a n e o u s   f o r m i c   a c i d   to  t h e   p r o c e s s .   S i n c e   t h e  

p r e l i m i n a r y   h y d r o l y z e r   i s   an  i n e x p e n s i v e   a d d i t i o n  

to  t h e   o v e r a l l   p r o c e s s ,   t h i s   t e c h n i q u e   of   f o r m i n g  



The  t o t a l   f e e d   to  t he   m a i n   h y d r o l y z e r   5 . h a s   a  m e t h y l  

f o r m a t e / w a t e r   mol  r a t i o   of  2 . 4 : 1 .   T h i s   r e a c t o r   i s  

m a i n t a i n e d   a t   a  t e m p e r a t u r e   of   120°C .   and  a  p r e s s u r e   o f  

a b o u t   9  a tm.   As  w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d  

in   t h e   a r t ,   t he   f o r m i c   a c i d   f o r m e d   in   t h e   p r e l i m i n a r y  

h y d r o l y z e r   1  s e r v e s   as  a  c a t a l y s t   f o r   t he   r e a c t i o n   i n  

t h e   m a i n   h y d r o l y z e r   5.  B e c a u s e   of  t he   s e v e r e  

c o n d i t i o n s   of  t e m p e r a t u r e   and  p r e s s u r e   t h e   h y d r o l y s i s  

r e a c t i o n   a c h i e v e s   95%  e q u i l i b r i u m   in  a p p r o x i m a t e l y  

20  s e c o n d s .  

The  r e a c t i o n   p r o d u c t   f r o m   t he   m a i n   h y d r o l y z e r  

5  c o n t a i n s   2645  p a r t s   of   f o r m i c   a c i d ,   2013  p a r t s   o f  

m e t h y l   a l c o h o l ,   1 6 , 1 1 6   p a r t s   of  m e t h y l   f o r m a t e   a n d  

1597  p a r t s   of  w a t e r ,   and  p a s s e s   v i a   l i n e   9  to  f l a s h  

v e s s e l   10.  The  l a t t e r   i s   m a i n t a i n e d   a t   a t m o s p h e r i c  

p r e s s u r e .   In  t he   f l a s h   v e s s e l   10  a  s u b s t a n t i a l  

p o r t i o n   of  t he   u n r e a c t e d   m e t h y l   f o r m a t e ,   n a m e l y   6 0 8 8  

p a r t s ,   f l a s h e s   o f f   v i a   l i n e   6  r a p i d l y   c o o l i n g   t h e  

r e m a i n i n g   l i q u i d .   The  v a p o r   i s   r e c y c l e d   to  t h e   m a i n  

h y d r o l y z e r   5.  The  l i q u i d   p a s s e s   v i a   l i n e   11  to  a  

f i r s t   d i s t i l l a t i o n   c o l u m n   12,  a  g l a s s - l i n e d   s t e e l  

c o l u m n   p a c k e d   w i t h   woven   g l a s s   ma t s   c o n t a i n i n g   o n l y  

s u f f i c i e n t   v o l u m e   to  m i n i m i z e   l i q u i d s   h o l d - u p .   T h e  

d i s t i l l a t i o n   c o l u m n   12  i s   m a i n t a i n e d   a t   400  mm  Hg .  



d i s t i l l a t e   t e m p e r a t u r e   of  131°C.   is   m a i n t a i n e d .  

The  o v e r h e a d   s t r e a m ,   c o n s i s t i n g   e s s e n t i a l l y   o f  

w a t e r ,   i s   r e c y c l e d   v i a   l i n e   8  to  t h e   m a i n   h y d r o l y z e r  

5.  The  r e s i d u e   i s   r e m o v e d   v i a   l i n e   18,  and  c o n s i s t s  

of  2360  p a r t s   of   f o r m i c   a c i d   and  417  p a r t s   of  w a t e r ,  

i . e . ,   85%  f o r m i c   a c i d .  



90  to  1 4 0 ° C . ,   t he   m o l a r   r a t i e   of  m e t h y l   f o r m a t e   a n d  

w a t e r   in  s a i d   p r e l i m i n a r y   h y d r o l y z e r   b e i n g   f rom  0 . 5 : 1  

to  3 : 1 ;   p a r t i a l l y   h y d r o l y z i n g   t h e   m e t h y l   f o r m a t e   t o  

fo rm  c a t a l y t i c   q u a n t i t i e s   of  f o r m i c  a c i d ;   p a s s i n g   t h e  

e f f l u e n t   d i r e c t l y   to  a  m a i n   h y d r o l y z e r ;   a d d i n g   to  s a i d  

m a i n   h y d r o l y z e r   a d d i t i o n a l   m e t h y l   f o r m a t e   and  w a t e r   s o  

t h a t   t he   m e t h y l   f o r m a t e - w a t e r   m o l a r   r a t i o   to  t he   m a i n  

h y d r o l y z e r   i s   f rom  1 . 5 : 1   to  1 0 : 1 ;   m a i n t a i n i n g  s a i d  

s e c o n d   r e a c t i o n   zone  a t   a  p r e s s u r e   of  f rom  5  to  18  a t m s .  

and  a  t e m p e r a t u r e   of  f rom  90  to  1 4 0 0 C . ;   f u r t h e r  

h y d r o l y z i n g   s a i d   m e t h y l   f o r m a t e   u n t i l   e q u i l i b r i u m  

c o n d i t i o n s   a r e   a p p r o a c h e d ;   s e p a r a t i n g   the   f o r m i c   a c i d ,  

m e t h y l   a l c o h o l ,   u n r e a c t e d   m e t h y l   f o r m a t e   and  w a t e r   f r o m  

s a i d   s e c o n d   r e a c t i o n   z o n e ;   and  r e c y c l i n g   of  t he   s e p a r a t e d  

u n r e a c t e d   m e t h y l   f o r m a t e   a n d  w a t e r   to  s a i d   p r e l i m i n a r y  

h y d r o l y z e r .  

5.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   4,  w h e r e i n   t h e  

e f f l u e n t   f rom  t he   s e c o n d   r e a c t i o n   zone   i s   p a s s e d   to  a  

low  p r e s s u r e   z o n e .   w h e r e i n   a  s u b s t a n t i a l   amoun t   of  t h e  

u n r e a c t e d   m e t h y l   f o r m a t e   i s   v a p o r i z e d   o v e r h e a d   and  t h e  

r e m a i n i n g   l i q u i d   is   t h e r e b y   q u i c k l y   c o o l e d   and  w h e r e i n  

t h e   l i q u i d   f rom  s a i d   low  p r e s s u r e   zone   i s   s u b j e c t   t o  

d i s t i l l a t i o n   to  s e p a r a t e   t h e   r e s i d u a l   m e t h y l   f o r m a t e ,  

t he   m e t h y l   a l c o h o l   and  t he   p r o d u c t   f o r m i c   a c i d .  

6.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   5,  w h e r e i n   t h e  

low  p r e s s u r e   zone  i s   m a i n t a i n e d   a t   a b o u t   a t m o s p h e r i c  

p r e s s u r e .  

7.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   5  or  C l a i m   6 ,  

w h e r e i n   s a i d   d i s t i l l a t i o n   i s   e f f e c t e d   in   a  v a c u u m  

d i s t i l l a t i o n   c o l u m n .  
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